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Title of the Invention: Frequency modulation circuit 

Inventor: Siro Fujiki 

Applicant: Yaesu Musen Co., Ltd. 

[Claim] 

A frequency modulation circuit suitable for a 
voltage-controlled oscillator, for directly applying a 
frequency modulation signal to an oscillation circuit and 
modulating the same upon transmission and shifting an 
oscillation frequency upon reception, characterized in 
that amount-of -shift stabilizing means for connecting a 
resistor between a control voltage circuit for a voltage- 
controlled variable capacitance diode and a reverse bias 
circuit to thereby stabilize the amount of shift of 
frequency modulation with a synergistic effect of a 
control voltage and a reverse bias voltage is added to 
oscillation frequency shift means for connecting a 
condenser to an oscillation tuning circuit including the 
voltage-controlled variable capacitance diode of the 
voltage-controlled oscillator, connecting an anode of a 
switching diode to the other end of the condenser, 
connecting a cathode of the switching diode to a 
collector of a common-emitter switching transistor, and 



connecting a circuit for supplying a positive voltage 
upon reception to the anode of the switching diode and a 
base of the switching transistor to thereby ground the 
condenser, and frequency modulating means for connecting 
a circuit. for supplying a modulated signal and the 
reverse bias voltage upon transmission to the cathode of 
the switching diode and cutting off the switching diode 
upon transmission to thereby modulate an oscillation 
frequency. 

Detailed Description of the Invention 

[Industrial Field of Application] 

This invention relates to a frequency modulation 
circuit suitable for use in a frequency modulated 
(hereinafter abbreviated as "FM") transceiver having a 
relatively simple configuration, like a portable 
communication device. 
[Prior Art] 

A method of performing modulation upon transmission 
of an FM transmitter or an FM transceiver was accompanied 
by a drawback in that although in a stationary device of 
middle or more size, an FM wave was produced by a 
crystal-controlled original oscillator and over- 
multiplied to thereby obtain a necessary transmit radio 
wave, the device became complex and large-sized, whereas 
although in a portable FM transceiver aiming at obtaining 
a small size and simplicity, a voltage-controlled 
capacitance diode was used in an oscillation tuning 



circuit of a self-excited oscillator and a modulated 
signal was superimposed on a bias voltage to thereby 
generate an FM wave, stability * was poor. 
[Problems that the Invention is to Solve] 

As a configuration example of a simple FM 
transceiver, there is provided a useless-free 
configuration wherein as shown in Fig. 2, a receiving 
unit makes use of a PLL-controlled VCO as a local 
oscillator inserted into a mixer stage of a 
superheterodyne system to perform a channel select 
operation good in frequency stability and frequency 
accuracy, and a modulated signal is added to the VCO upon 
transmission to directly produce an FM wave having a 
transmit frequency, which is then power-amplified, 
followed by delivery to an antenna. Since a difference 
corresponding to an intermediate frequency alone exists 
between a receive frequency and a local oscillation 
frequency in such a circuit, there is a need to shift an 
oscillation frequency of a VCO used as an FM's original 
.oscillator by the intermediate frequency upon 
transmission to thereby allow the oscillation frequency 
to be identical to the receive frequency in order to 
perform reception and transmission with the. same 
frequency. 

An example of a VCO circuit used for the above 
purpose is shown in Fig. 3. In the drawing, a tuning coil 
31 and a voltage-controlled capacitance diode 32 form an 
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oscillation circuit in combination with a negative 
resistance circuit. A control voltage 12 is applied to 
the voltage-controlled capacitance diode 32 from a PLL 
circuit to lock. an oscillation frequency of the 
oscillation circuit to a predetermined value. An. 
intermediate frequency of an FM receiver is 10.7MHz as a 
standard and a local oscillation frequency usually 
assumes a low one easy to oscillate. Therefore, when 
switching is made between transmit and receive 
frequencies to disconnect a condenser 3 3 from an 
oscillation tuning circuit upon transmission when a VCO 
frequency is set lower by 10.7MHz than at reception upon 
transmission, the condenser 3 3 is parallel-connected to 
the oscillation resonance circuit comprised of the tuning 
coil 31 and the voltage-controlled capacitance diode 32 
through the use of a switching diode 34 which can be 
shared for both transmitting and receiving circuits and 
allowed to have switch action according to a bias voltage, 
and the switching diode 3 4 is grounded in series so as to 
be capable of inserting the condenser 33 into the 
corresponding circuit or cutting, off the circuit. Upon 
reception, the switching diode 34 is brought into 
conduction to insert the condenser 33 into the circuit. 
Upon transmission, a reverse bias 10 is applied to the 
switching diode' 34 to increase the voltage on the one 
side of the switching diode 34,. thereby bringing about 
its cut-off state. Since, however, the interelectrode 
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electrostatic capacitance of. the switching diode 34 is a 
few pF, and the switching diode 34 has such a property 
that its electrostatic capacitance value also changes 
according to a reverse bias voltage value, a modulated 
signal 11 is superimposed on the reverse bias voltage 10 
to thereby obtain an FM wave. 

Since a small shift FM of ±10KHz or more is used 
for the present communications, FM based on a change in 
the capacitance of the switching diode 34 will suffice in 
most cases. However, when the amount of frequency shift 
is insufficient, the voltage-controlled capacitance diode 
may be used. 

In the circuit system of Fig. 3, the control 
voltage 12 is measured with its width as wide to take an 
average value of outputs and thereby uniform oscillation 
intensities where the amount of frequency shift is 
handled as a problem. Since, however, the capacitance of 
the voltage-controlled capacitance diode 32 decreases 
when the control voltage 12 is set high, the amount of 
frequency shift .based on a change in capacitance 
increases when the switching diode 34 is shared for a 
modulating diode. Since the capacitance of the voltage- 
controlled diode 32 increases when the control, voltage 12 
is set low, the amount of frequency shift might be 
reduced even if a change in the capacitance of the 
modulating diode is uniform. 

As conventional examples of taking countermeasures 
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against such a change in the amount of frequency shift, 
may be mentioned, a method of inserting a voltage- 
controlled variable gain amplifier into, a modulation 
signal circuit and applying the control voltage 12 
thereto to thereby keep constant the amount of frequency 
shift as shown in Fig. 4, a method of additionally 
providing a voltage-controlled capacitance diode 35 
substantially similar to the voltage-controlled 
capacitance diode 32 and applying a. control voltage 12 
thereto through a resistor 3 6 simultaneously 'with a 
modulated signal 11 to thereby automatically correct a 
change in the amount .of frequency shift with a change in 
the control voltage 12 as shown in Fig. 5, etc. However, 
any is accompanied with the addition of parts and a 
circuit increase. Therefore, this brings about a result 
unfit for the precious purpose of sharing the switching 
diode 3 4 even for modulation to thereby simplify a- 
circuit configuration. Thus, a simpler correcting -method 
has been desired. 

[Means for Solving the Problems] 

A configuration is provided wherein amount-of -shift 
stabilizing means for connecting a resistor between an 
oscillation tuning circuit including a voltage-controlled 
variable capacitance diode and a reverse bias circuit to 
thereby stabilize the amount of shift of frequency 
modulation with a synergistic effect of a control voltage 
and a reverse bias voltage is' added to oscillation 
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frequency shift means for connecting^ a condenser to the 
oscillation tuning circuit including the voltage- 
controlled variable capacitance diode, connecting an 
anode of a .switching diode to the other end of the 
condenser, connecting a cathode of the switching diode to 
a collector of a common-emitter switching transistor, and 
connecting a circuit for supplying a positive voltage 
upon reception to the anode of the; switching diode and a 
base of the switching transistor to thereby ground the 
condenser, and frequency modulating means for connecting 
a circuit for supplying a modulated signal and the 
reverse bias voltage upon transmission to the cathode of 
the switching diode and cutting off the switching diode 
upon transmission to thereby modulate an oscillation 
frequency. 
[Embodiments] 

Fig. 1 is a schematic diagram of the present 
invention. This circuit relates to the local oscillator 
for the transmitting/receiying circuits shown in Fig. 2, 
which oscillates at the frequencies different from each 
other upon reception and transmission and performs direct 
frequency modulation with the corresponding oscillator 
upon transmission. 

In Fig. 1, reference numeral 1 indicates a tuning 
coil, and reference numeral 2 indicates a voltage- 
controlled variable capacitance diode whose oscillation 
frequency is varied according to a control voltage 12. 
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Reference numeral 3 indicates a condenser, i.e., a 
condenser for shifting the oscillation frequency upon 
reception. Upon reception, a forward bias 13 is applied 
to bring into conduction, a switching diode 4 which can 
be shared for both transmitting and receiving circuits 
and has switch action according to a bias voltage, 
whereby the condenser 3 is added or connected to an 
oscillation circuit. The switching diode . 4 is supplied 
with a reverse bias 10 so as to bring into, non-cohduction 
upon transmission. Further, a modulated signal 11 is 
superimposed on the reverse bias 10, which in turn is 
supplied via the switching diode 4 and frequency- 
modulated. 

The circuit having the above-described construction 
takes a configuration wherein resistors are connected 
between the reverse bias 10 and an oscillation tuning 
circuit for controlling the voltage-controlled variable 
capacitance diode 2 to exert an influence of a change in 
the control voltage 12 even on the switching diode 4 
operated as a modulation element,, thereby reducing a 
change in the amount of frequency shift with the ' 
magnitude of the control voltage 12 applied to the 
voltage-controlled capacitance diode 2. 

An actual circuit takes a configuration of an 
embodiment shown in Fig. 6. Portions identified by the 
same reference numerals in Fig. 6 and Fig. 1 are the same 
parts respectively. A negative resistance circuit portion 
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is a Colpitts circuit configuration using FET. A forward 
bias is applied to the base of a switching transistor 6 
in common with a switching diode 4 upon transmission to 
bring conduction between the collector and emitter 
thereof, so that the switching transistor 6 assumes a 
return path of the switching diode 4. Since the base is 
brought to a zero bias upon transmission, ah open state 
is formed between the collector and emitter, so that a 
modulated signal 11 and a reverse bias 10 inputted via a 
resistor 7 are applied to the cathode side of the 
switching diode 4 to thereby perform frequency modulation. 
On the other hand, a control voltage 12 is applied to 
this circuit via a resistor 5 to thereby reduce a change 
in the amount of frequency shift of an FM wave with a 
change in the control voltage 12 . 

When the control voltage 12 is set to 2.5V and the 
oscillation frequency is set to 152MHz upon actual 
measurements at circuit constants described in Fig. 6, 
the level of the modulated signal 11 is set in such a 
manner that the oscillation frequency takes about 140MHz 
when the control voltage 12 is IV, the oscillation, 
frequency assumes about 162MHz when the control voltage 
12 is 4V, and the frequency shift of FM reaches ±3 . 5kHz 
when the control voltage 12 is 2.5V. Frequency shifts 
obtained when only the control voltage 12 was changed to 
2V and 4V, were respectively ±3. 2kHz and ±3. 3kHz, and the 
maximum deviation was ±0.3kHz, thus resulting in 10% or 
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less. If the result obtained by the conventional circuit 
in which the resistor 5 is removed from the circuit of 
Fig. 6 is shown for comparison, then frequency shifts 
obtained when the control voltage 12 was set to IV. and 4V, 
were respectively ±2 . 6kHz and ±3. 9kHz , and the maximum 
deviation was taken as ±1.3kHz, thus resulting in a rate 
of change corresponding to about 37%. 

Fig. 7 shows the above results in the form of a 
graph. The result obtained by the circuit according to 
the present invention is indicated by a solid line A, and 
the result obtained by the conventional circuit is 
indicated by a dotted line B. An effect obtained by the 
circuit according to the present invention becomes 
apparent. 

[Advantage of the Invention] 

According to the present invention, the advantage 
of making it possible to stabilize a change in the amount 
of frequency shift of an FM wave with a change in control 
voltage by virtue of a simplest improvement in the 
addition of only one resistor to a circuit configuration 
of a conventional frequency modulation circuit becomes 
apparent from the actually-measured result of Fig. 7 
obtained in the embodiment of the present invention. 
Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a frequency 
modulation circuit of the present invention; Fig. 2 is a 
circuit configuration diagram of a simple-configured FM 



10 



transceiver such as a portable type or the like; Fig. 3 
shows an example of a frequency modulation circuit 
suitable for a local oscillator-cum-FM modulator in Fig. 
2; Figs. 4 and 5 respectively- show examples each 
illustrative of a frequency modulation circuit in which a 
change in the amount of frequency shift with a change in 
control voltage in the circuit shown in Fig. 3 is 
corrected; Fig. 6 shows an embodiment of the present 
invention; and Fig. 7 is a graph indicating actually- 
measured values of control voltage vs. amount - of - 
frequency shift in the circuit according to the 
embodiment of the present invention, which is shown in 
Fig. 6, and actually-measured values of control voltage 
vs. amount -of -frequency shift in a conventional circuit 
to which no present invention is applied. 

1, 31 ...... tuning coils, 2, 32, 3 5 

voltage-controlled variable capacitance diodes, 3, 

33 condensers, 4, 34 switching diodes, 5, 7, 

35 resistors, 6 ...... switching transistor, 

10 reverse bias,. 11 modulated signal, 

12 control voltage, 13 forward bias. 

* ***** 
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[Figure 1] 

10. ... reverse bias, 11 ... modulated signal, 12 
control voltage, 13 ... forward bias 

negative resistance circuit 
[Figure 2] 

detector , intermediate frequency amplifier, mixer, 
high frequency amplifier, receive, transmit, antenna 
[receiving unit] 

microphone, voice amplifier, local oscillation, PLL 
circuit, a channel select input, power amplifier 

[transmitting unit] 
[Figure 3] 

.10 ... reverse bias, 11 ... modulated signal, 12 . . 
control voltage, 13 ... forward bias 

negative resistance circuit 
[Figure 4] 

VCO circuit identical to Fig. 3 

voltage-controlled variable amplification-factor 
amplifier 

microphone, 12 ... control voltage 
[Figure 5] 

10 ... reverse bias, 11 ... modulated signal , . 12 . 
. control voltage, 13 ... forward bias 
negative resistance circuit 
[Figure 6] 

10 ... reverse bias, 11 ... modulated signal, 12 . 
control voltage, 13 ... forward bias 
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negative resistance circuit 
output 
[Figure 7] 

Frequency shift 

B (conventional circuit) 

A (circuit shown in Fig. 6) 

control voltage 

* * * * * 
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